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WUHHV XSRQ VRPH SK\VLFDOFKHPLFDO SDUDPHWHUV RI DFDFLD OLQGHQ DQG UDSH KRQH\7KH DQDO\]HV SHUIRUPHG VKRZ WKDWZDWHU LQ
KRQH\ VDPSOHV ZDV ZLWKLQ WKH UHFRPPHQGHG UDQJH IRU D KLJK TXDOLW\ KRQH\:KDWHYHU WKH HQHUJRSURWHLQ VXSSOHPHQW XVHG
K\GUR[\PHWK\OIXUIXUDO FRQWHQW SUHVHQWHG WR DOO WKH YDULDQWV DQDO\]HG YDOXHV EHORZ PJ J RI KRQH\ &RORULPHWULF LQGH[
YDOXHRIKRQH\ZDVIUDPHGLQUHFRPPHQGHGKLJKTXDOLW\VWDQGDUGVWKHUHVXOWVREWDLQHGZHUHEHORZWKHPD[LPXPOLPLWVIRUHDFK
W\SHRIKRQH\DQGWKHSURWHLQVXSSOHPHQWVDGPLQLVWUDWHGWREHHIDPLOLHVKDGQRLQIOXHQFH5HJDUGLQJWKHFRQWHQWRIJOXFRVHDQG
IUXFWRVH LQKRQH\VDPSOHVDFDFLDKRQH\KDGWKHKLJKHVWDPRXQWRI IUXFWRVHFRPSDUHG WROLQGHQKRQH\RUUDSHKRQH\DQG WKH
UDWLRRIIUXFWRVHDQGJOXFRVHUDQJHGEHWZHHQ,WFDQEHFRQFOXGHGWKDWWKHSK\VLFDOFKHPLFDOSDUDPHWHUVDQDO\]HGLQDOO
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,QWURGXFWLRQ
7KH WHFKQRORJLFDO DQG QXWULWLRQDO SURSHUWLHV RI GLIIHUHQW IRRG LQJUHGLHQWV DUH KLJKO\ LQIOXHQFHG E\ SURFHVVLQJ
FRQGLWLRQV 2UJDQLF EHHNHHSLQJ UHTXLUHV LQ DGGLWLRQ WR WKH PDQGDWRU\ UXOHV RI JRRG SUDFWLFH IRU FRQYHQWLRQDO
EHHNHHSLQJ D VHULHV RI QHZ SURGXFWLRQ PHWKRGV LQ RUGHU WR DFTXLUH WKH TXDOLILFDWLRQV RI RUJDQLF SURGXFWLRQ
PHWKRGV7KHJRDORIRUJDQLFEHHNHHSLQJLVWRDFKLHYHDFOHDQQRQSROOXWHGSURGXFWPHHWLQJPRGHUQVWDQGDUGVRI
HQYLURQPHQWDOSURWHFWLRQDQGVXVWDLQDEOHGHYHORSPHQW
1DWXUDOKRQH\SURGXFHUVDUHREOLJHG WRHQVXUH WKH LPSOHPHQWDWLRQRIJRRGSUDFWLFHV LQRUGHU WRREWDLQTXDOLW\
SURGXFWVWKDWPHHWIRRGVHFXULW\VWDQGDUGVLQRUGHUWRJHWWKHRUJDQLFODEHODVLVVXHGXQGHUWKH&RGH[$OLPHQWDULXV
)RRGTXDOLW\DQGVDIHW\RIEHHSURGXFWVVKRXOGEHHQVXUHGE\DSSO\LQJTXDOLW\PDQDJHPHQWV\VWHPVDQGSURGXFWLRQ
PHWKRGV WKDW PLWLJDWH SRWHQWLDO KHDOWK ULVNV DQG SURYLGH LQIRUPDWLRQ WR HQVXUH SURGXFW WUDFHDELOLW\ +RQH\
FRPSRVLWLRQ YDULHV GHSHQGLQJ RQ IORUDO RULJLQ WKH FOLPDWH HQYLURQPHQWDO DQG VHDVRQDO FRQGLWLRQV DV ZHOO DV
DJULFXOWXUDO SUDFWLFHV $]HUHGR HW DO  $LPRI WKH VWXG\ZDV KLJKOLJKWLQJ LW REWDLQHG XQGHU RUJDQLF KRQH\






7KH EHHVZHUH GLVWULEXWHG LQ  XQLIRUP JURXSV D FRQWURO DQG IRXU H[SHULPHQWDO JURXSV(QHUJR VXSSOHPHQWV
DGPLQLVWUDWHGWRWKHFRQWUROJURXSFRQVLVWHGRINJKRQH\NJDXWXPQNJVSULQJWKHH[SHULPHQWDOJURXSV
UHFHLYHGHQHUJRSURWHLQVXSSOHPHQWVUHSUHVHQWHGE\NJKRQH\DQGNJSROOHQRIYDULRXVRULJLQV5DSHSROOHQ




*URXS Q 7UHDWPHQW 3HULRG 2EMHFWLYHV































FRQWHQW RI KRQH\PHWKRG$XHUEDFK DQG%RGODQGHUZDV XVHG DQG WKH IUXFWRVHZDV FDOFXODWHG E\ WKH GLIIHUHQFH
EHWZHHQ UHGXFLQJ VXJDU DQG JOXFRVH KRQH\ FRQWHQW 7KH VWDWLVWLFDO LQWHUSUHWDWLRQ RI UHVXOWV REWDLQHG LQ RUGHU WR
GHWHUPLQHWKHVLJQLILFDQFHRIGLIIHUHQFHVEHWZHHQFDOFXODWHGYDULDQWVZDVSHUIRUPHGXVLQJ)LVKHUWHVW
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5HVXOWVDQGGLVFXVVLRQ
7KHILUVWLQGLFDWRUVWXGLHGIRUSHUIRUPLQJTXDOLW\DQDO\VLVZDVWKHZDWHUFRQWHQWRIKRQH\7DEOHV7KLV
LQGLFDWRU SURYLGHV LQIRUPDWLRQ UHJDUGLQJ PDWXUDWLRQ RI H[WUDFWHG KRQH\ IURP WKH KRQH\FRPE DQG WKH HIIHFW RI
VWRUDJHFRQGLWLRQVDIWHULWVH[WUDFWLRQ
)RU DFDFLD KRQH\ DYHUDJH ZDWHU FRQWHQW UDQJHG EHWZHHQ  FRQWURO JURXS DQG  H[SHULPHQWDO
JURXSZKHUHZDVXVHG OLNHVXSSOHPHQW OLQGHQSROOHQ)RUDFDFLDKRQH\ZDWHUFRQWHQWYDULHGEHWZHHQ
FRQWUROJURXSDQGH[SHULPHQWDOJURXSZKLFKLWZDVXVHGDVVXSSOHPHQWUDSHSROOHQ)RUUDSHKRQH\
DYHUDJHZDWHU FRQWHQW UDQJHGEHWZHHQ H[SHULPHQWDO JURXSZKLFK LWZDVXVHG DV D VXSSOHPHQWSROOHQ
OLQGHQDQGH[SHULPHQWDOJURXSZKLFKLWZDVXVHGDVVXSSOHPHQWVXQIORZHUSROOHQ
7DEOH&KHPLFDOTXDOLW\LQGLFHVRIDFDFLDKRQH\
6SHFLILFDWLRQ &RQWUROJURXS ([SHULPHQWDOJURXS ([SHULPHQWDOJURXS ([SHULPHQWDOJURXS ([SHULPHQWDOJURXS































































         

7DEOH&KHPLFDOTXDOLW\LQGLFHVRIOLQGHQKRQH\
6SHFLILFDWLRQ &RQWUROJURXS ([SHULPHQWDOJURXS ([SHULPHQWDOJURXS ([SHULPHQWDOJURXS ([SHULPHQWDOJURXS






























































         

7DEOH&KHPLFDOTXDOLW\LQGLFHVRIUDSHKRQH\
6SHFLILFDWLRQ &RQWUROJURXS ([SHULPHQWDOJURXS ([SHULPHQWDOJURXS ([SHULPHQWDOJURXS ([SHULPHQWDOJURXS
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)URP WKH VWDWLVWLFDO DQDO\VLV RI WKH GDWD REWDLQHG FRQFOXVLRQ LV WKDW ZDWHU FRQWHQW GRHV QRW VLJQLILFDQWO\
GLIIHUHQFHVEHWZHHQWKHWKUHHW\SHVRIKRQH\







VLPLODU YDOXHVRI+0)FRQWHQW FRPSDUH WRDFDFLDKRQH\ WKH\YDU\EHWZHHQ DQGPJJKRQH\RXU
UHVXOWVZHUHLQDJUHHPHQWZLWKWKHYDOXHVUHSRUWHGE\,VRSHVFXHWDO$OOVDPSOHVDQDO\]HGVKRZORZHUOHYHOV





7KH DFDFLD KRQH\ WKH KLJKHVW FRORULPHWULF LQGH[ YDOXHZDV IRXQG LQ WKH FRQWURO JURXS PP RQ 3IXQG
VFDOH ZKLOH IRU WKH H[SHULPHQWDO JURXSV ZKLFK UHFHLYHG SURWHLQ VXSSOHPHQWV LW ZDV IRXQG D UHGXFWLRQ RI WKH
FDORULPHWULFLQGH[LQDSURSRUWLRQRIDWWKHH[SHULPHQWDOJURXSZKHUHZHXVHGUDSHSROOHQXQWLODW
WKH JURXSZKHUHZH XVHG VXQIORZHU SROOHQ ,W LV HVWLPDWHG WKDW WDNLQJ SROOHQ DV D SURWHLQ VXSSOHPHQW LQ FDVH RI
DFDFLDKRQH\VLJQLILFDQWO\LQIOXHQFHWKHSDUDPHWHUDQDO\]HG7KHFRORULPHWULFLQGH[PHDVXUHGIRUOLQGHQKRQH\KDV




H[SHULPHQWDO JURXS PP IRU WKH VHFRQG H[SHULPHQWDO JURXS 7KH FRQWURO JURXS UHJLVWHUHG DQ LQWHUPHGLDU\
YDOXHPPRQ3IXQGVFDOH.DGDUHWDOUHSRUWHGKLJKHVWYDOXHRIFRORXU3IXQGIRUVXQIORZHUKRQH\
5HJDUGLQJJOXFRVHDQGIUXFWRVHFRQWHQWRIWKHKRQH\VDPSOHVDQDO\VHG7DEOHVWKHUHZHUHQRVLJQLILFDQW









WKLUG H[SHULPHQWDO JURXS DQG  IRU WKH VHFRQG H[SHULPHQWDO JURXS IROORZHG E\ OLQGHQ KRQH\ EHWZHHQ
IRUWKHILUVWH[SHULPHQWDOJURXSDQGIRUWKHVHFRQGH[SHULPHQWDOJURXSDQGUDSHKRQH\EHWZHHQ
 IRU WKH IRXUWK H[SHULPHQWDO JURXS DQG  IRU WKH ILUVW H[SHULPHQWDO JURXS 7KH GLIIHUHQFHV ZHUH
VWDWLVWLFDOO\VLJQLILFDQW
$V DQ LQGLFDWRU RI FU\VWDOOL]DWLRQ UDWH WKH UDWLR EHWZHHQ IUXFWRVH DQG JOXFRVHZDV FDOFXODWHG+LJKHVW YDOXHV
ZHUHUHJLVWHUHGIRUDFDFLDKRQH\WKHORZHVWYDOXHVZDVUHJLVWHUHGLQFDVHOLQGHQSROOHQZHUHXVHGDVSURWHLQ
VXSSOHPHQW
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&RQFOXVLRQV
7KH UHVXOWV RI SK\VLFRFKHPLFDO DQDO\]HV RI DOO YDULHWLHV RI KRQH\ QR PDWWHU WKH HQHUJ\SURWHLQ VXSSOHPHQW
DGPLQLVWHUHGWREHHZHUHZLWKLQWKHOLPLWVUHFRPPHQGHGE\WKH(XURSHDQ&RPPLVVLRQDQG&RGH[$OLPHQWDULXV
7KHZDWHUFRQWHQWRIDQDO\]HGKRQH\VDPSOHVZHUHZLWKLQ WKH UHFRPPHQGHG OLPLW IRUDKLJKHVWTXDOLW\KRQH\
OHVVWKDQ
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